Supplementary Materials Include: S1-3 Supplementary Movies 1-3 S1. Schematic illustration of our findings; current oscillation driven by the dislocation movements under constant bias voltage.
S2. Formation of Nanocontacts between Gold Crystals
These figures show the formation of a gold nanocontact between gold opposing tips using electrostatic actuators. Figure S2a shows a bright field TEM image of gold opposing tips with {111} facets at <011> in the zone axis. Figures S2b and 2c show the Fourier-filtered image reconstructed from the yellow dashed squares on the right-hand-side and left-hand-side tips, respectively. All the spots are indexed. Both spot patterns cross at 70 degrees. Comparing the Fourier-filtered images in Figures S2b and S2c, the spot patterns are mismatched at 8.8 degrees in angle, L-R.
The contact/separation motions of these gold opposing tips was repeated several times using electrostatic microactuators to remove any contamination or any oxidation layers. Such layers on the surfaces prevent direct gold-gold contact between tips. When these tips that are 2.8 nm in radius of curvature were brought slightly into contact with a bias voltage of 1 mV, a gold nanocontact appeared between the tips. The width of the gold nanocontact was initially 0.68 nm, which corresponds to a few gold lattice distances on the (111) plane (Fig. S1d) . In addition to such a small width, the electrical conductance of the gold nanocontact was 2 G 0 .The initial neck of the gold nanocontact was formed with 2 atoms. It gradually grew to 2.2 nm in width with a conductance of 36 G 0 after 22 s from the moment of contact via atomic rearrangements in order to minimise the surface energy of the opposing tips (Fig. S2e) . A dark dot appeared on the gold nanocontact. The number of the dark dots increased as the gold nanocontact grew; two dots appeared on the gold nanocontact at a width of 4.2 nm and at 54 G 0 after 221 s (Fig. S2f) , and three dots appeared at a width of 5.0 nm and at 88 G 0 after 578 s (Fig. S2g) . According to the TEM image, the gold nanocontact also shows {111} facets of FCC gold nanocrystals. The number of gold atoms cannot be counted using the quantum conductance for over 10 atoms due to the conductance dequantisation of the gold nanocontact.
S3. Electron beam effect
An electron beam was necessary to visualise the nanoscale deformation in our in situ experiment. However, electron beam irradiation can induce atomic deformation into nano-objects. There are three major electron beam effects, all of which were confirmed to be negligible as listed below.
(1) Knock-on effect: elastic scattering between nano-objects and an electron beam can displace atomic nuclei to interstitial positions when the energy of the electron beam exceeds the threshold energy. The quality of the crystal is degraded because the atomic displacement causes disorder in the crystalline structure. The threshold energy of the knock-on effect is dependent on material composition because the strength of the atomic bond, atomic weight and crystalline structure are different. The energy required to create knock-on damage in gold is 1,320 keV. Thus, the 200 kV acceleration voltage applied in our experiments is too low to produce this kind of damage.
(2) Beam heating: gold is a material with high thermal conductivity (300 WmK -1 ) and is able to dissipate thermal input by electron beam irradiation. In addition, the gold tips protrude from the evaporated gold thin film, which works as a good heat-sink because the evaporated gold film has a much larger volume compared with the volume of the gold tips. The calculated rise in temperature due to the electron beam focused on the gold nanocrystal was less than 1 Kelvin. From this result, we believe that the temperature rise is not significant in our experiment either, and that it would have little effects on dislocation nucleation.
(3) Electron introduction: if electrons are introduced into the gold nanocontact by electron beam irradiation, the electrical signals become noisy 6 . This effect was verified to be negligible by experiments with and without electron beam irradiation. The current signal had a conductance oscillation similar to that measured under the TEM observations, even though the electron beam was not irradiating the gold nanocontact (Fig. A) . 
Supplementary Movie 1. Movie of the Formation of a Nanocontact between Gold Crystals
A gold nanocontact appears once gold tips are brought into contact. The tips merge together while maintaining the contact without additional actuation. The gold nanocontact grows in diameter from 0.68 nm to 5.0 nm in 578 s. This movie is played 30 times faster than real-time. The width of the animated image is 10 nm.
Supplementary Movie 2. Movie of Current Oscillation Due to a Single Dislocation Movement in the Gold Nanocontact Dislocations, shown as dark contrasts, in the gold nanocontact between the tips are moved by the residual tensile stress. The lower right animated graph shows the current change. The current signal started to oscillate around 0.21 s without any dislocation movements. The dislocation suddenly moved at 0.67 s from the time the current oscillation began. The amplitude of the current oscillation gradually decreased for 0.7 s from the time of occurrence of the sudden dislocation movement of 0.23 nm. The total duration of the current oscillation was 1.37 s, although the dislocation movement occurred for just 0.07 s. This movie plays in real time. The width of the animated image is 10 nm.
Supplementary Movie 3. Movie of Current Oscillation due to Multiple Dislocation Movements in the Gold Nanocontact Dislocations in the gold nanocontact between the tips moved, and the current oscillated due to the movement. The timings at which the dislocation movements occurred were 0.87 s, 2.11 s, 2.57 s, 4.03 s and 4.56 s. All of the dislocation movements were less than 1 nm in distance and were completed within 0.1 s. The number of dislocations decreased from 4 to 3 after 2.11 s, the time of the second dislocation movement. The lower right animated graph shows the current change. The current signal oscillated in synchronisation with the dislocation movement. When the current oscillations overlapped, the amplitude of the current oscillation doubled, at around 2.35 s. The duration of the current oscillation was about 1 s. This movie is played in real time. The width of the animated image is 10 nm.
